predicted number of donors was 1.6 times higher. Similarly, SHS estimates for the 1920-1993 birth cohorts were 2.4 and 2.1 times higher as compared to registerbased estimates. Generally, the differences between SHS and register-based donors were more pronounced in men than in women. Conclusion: Self-reported blood donor status in the SHS is biased. Estimates of blood donors are substantially higher than respective estimates based on blood donor registries.
Introduction
Data on blood donor status and blood donation history obtained from general surveys and health interview surveys have been widely used. Studies assessed characteristics, attitudes, beliefs and motives of blood donors and non-donors [1] [2] [3] [4] , institutional differences of blood donor regimes [5] , and voluntary HIV counseling and testing [6] [7] [8] [9] [10] .
However, the integrity of data on self-reported blood donor status from surveys may be threatened by sampling and non-sampling error. Important sources of non-sampling error include recall, acquiescence, and social desirability biases and have been repeatedly Keywords Blood donation · Donors · Self-report · Response bias · Blood donor registry · Health survey Summary Background: Data on blood donor status obtained from general surveys and health interview surveys have been widely used. However, the integrity of data on self-reported blood donor status from surveys may be threatened by sampling and non-sampling error. Our study aimed to compare self-reported blood donors (including one-time as well as regular donors) from the Swiss Health Survey 2012 (SHS) with register-based blood donors recorded by blood establishments and evaluate the direction and magnitude of bias in the SHS. Methods: We compared population-weighted SHS point estimates of the number of blood donors with their corresponding 95% confidence intervals to the respective figures from blood donor registries (birth cohorts 1978-1993) and estimates of donors based on period donor tables derived from blood donor registries (birth cohorts 1920-1993) . Results: In the birth cohorts 1978-1993, the SHS-predicted number of donors was 1.8 times higher than the respective number of donors based on registry data. Adjusting for foreign and naturalized Swiss nationals that immigrated after their 18th birthday, the SHS overall reported in the context of surveys [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Hence, assessing the validity of data on blood donor status is imperative in order to assure that results based on surveys are suited to enhance epidemiological knowledge and guide public health actions.
Only few studies have assessed the validity of data on self-reported blood donor status. In a study that compared self-reported and record-linked blood donation history, blood donors correctly indicated whether they have ever donated blood. However, participants tended to overstate by a factor of 2 the number of donations they had made [22] . Furthermore, a study assessing the perception of blood donation in the general population of Germany concluded that giving blood is considered socially desirable and self-reported donor status may therefore be biased [23] .
So far, no study has assessed the validity of data on blood donor status in the Swiss Health Survey (SHS). Moreover, we found no study that reported the direction and the magnitude of response bias related to data on blood donor status in health interview surveys.
In our study we aimed to compare the estimated number of blood donors (including one-time as well as regular donors) from the SHS 2012 (self-reported blood donors) with register-based blood donors recorded by the Regional Blood Transfusion Services of the Swiss Red Cross (SRC). Taking the register-based data (RBD) as gold standard, we assessed the bias in the survey-based estimated population prevalence of blood donors and reported its direction and magnitude.
Material and Methods

Study Design
The study is a methodologically focused secondary analysis of a populationbased, cross-sectional health interview survey carried out in 2012 in Switzerland.
Study Population and Data
The SHS carried out by the Swiss Federal Statistical Office (SFSO) is a nationwide survey on health status, health service utilization, and health-related behavior in Switzerland. The SHS was first conducted in 1992 and is repeated every 5 years. In 2012, a multistage probability sample was drawn of the entire permanent resident population of Switzerland after stratification by geographic region. The initial sample (n = 21,597) included subjects aged 15 years or older living in private households. Since age-related eligibility criteria of blood establishments do not allow blood donations before the 18th birthday, only subjects aged 18 years or older in 2011 were included in our study (n = 20,412).
Blood donor status, the outcome variable of this study, was assessed by response to the question 'Have you ever given blood since 1985?' Subjects in the SHS were categorized as blood donors or non-donors according to whether they reported to have donated blood or not. Both autologous and homologous blood donations were considered.
Data for validating the SHS point estimates of blood donors were derived from blood donor registries of the Regional Blood Transfusion Services of the Swiss Red Cross and Swiss Transfusion SRC. The RBD comprised all blood donors and more than 7,000,000 blood donations in Switzerland between January 1, 1996 and December 31, 2013.
Because the RBD did not include blood donations before 1996, we restricted the analyses to the birth cohorts 1978-1993 in a first step. Subjects included in this restricted SHS sample (n = 4,425) were eligible for their first-time blood donation between 1996 and 2011.
Blood Donations of Foreign Nationals and Naturalized Swiss Nationals
In contrast to the RBD, subjects in the SHS who reported to have given blood did not necessarily give blood in Switzerland. In 2013, 23.8% of the permanent resident population consisted of foreign nationals. Hence, a substantial number of foreign nationals or naturalized Swiss nationals may have given blood in their home countries, and it is therefore essential to account for blood donors who immigrated after their 18th birthday.
In order to account for blood donations outside Switzerland, we constructed weights using information from two different sources, assuming similar behavior of Swiss and foreign subjects with regard to blood donation. On the one hand, we constructed gender-specific first-time blood donor tables for the eligible population in Switzerland using the RBD from 2003 to 2013. First-time blood donation in the population was conceived as a single decrement process spawning the age interval between 18 and 65 years, and age-specific and gender-specific probabilities of first-time blood donations were derived. On the other hand, we derived the average proportion of returning blood donors from previous research [24] , assuming that 70%, 50%, 40%, 30%, 20%, 10%, 5%, 2.5% and 1.25% of first-time donors will give blood 1-9 years after their first donation and stop to donate thereafter.
Age-and gender-specific weights for foreign and naturalized Swiss nationals who immigrated after their 18th birthday were then constructed by dividing the number of first-time and returning blood donors in Switzerland by the total number of donors in home and host country. More specifically, we built the weight's nominator by adding the cumulated number of expected first-time blood donors d in the age interval x to x + n, starting at immigration age k and ending at age K in 2011, to the cumulated proportion of donors who started their donor career outside Switzerland at age k * and were expected to return for a further donation in the age interval S(x, k) at immigration age k. In the denominator, all first-time donors d who started their donor career outside Switzerland from age 18 to the age 1 year before immigration k-1, were added to the previous term, in order to account for the total expected ever donors in Swiss and foreign contexts. (1).
First-Time Blood Donor Table-Based Estimates of Donors in the Birth Cohorts 1920-1993
In a second step, we extended the analyses to the full SHS sample. Again, information from the gender-specific first-time blood donor tables and information on the proportion of returning blood donors were used to estimate the number of donors since 1985. The eligible population in the 1985-2011 period comprised all permanent residents of the birth cohorts 1920 and younger who were between 18 and 65 years old at the time of their blood donation. Consequently, members of the 1920 birth cohort were able to donate up to the end of 1985, the year when they turned 65, i.e., they gave blood for the first time in 1985 or they returned in 1985 for a further donation after an initial donation between 1976 and 1984.
In order to estimate the number of subjects who gave blood at least once since 1985, we obtained data of permanent residents of Switzerland between 1976 and 2011 from the SFSO. First-time donors were estimated by multiplying the number of subjects N in the population age interval x to x + n in year t by the probability of a first-time blood donation q in the age interval x to x + n. The expected number of returning first-time donors over a 10-year-period was estimated using the proportion of returning first-time donors in the interval S(t,1985) from the point of the first-time donation t up to 1985. Confidence intervals for the estimated number of donors and confidence intervals for the probability of a first-time blood donation were derived and calculated using the methods developed by Chiang [25] .
Adjusting First-Time Blood Donor Table-Based Estimates of Donors for Mortality
In a final step, the first-time blood donor table-based estimates of the number of donors since 1985 were adjusted for age-and gender-specific survival in order to achieve maximum comparability with the SHS. Obviously, subjects who participated in the 2012 SHS were alive and could report whether they donated blood or not. However, this can neither be taken for granted for subjects recorded in the RBD nor for the donor table-based estimates of donors, i.e., we do not know whether these subjects were still alive in 2012 and could report their blood donation history. Since we included birth cohorts from 1920 onwards in the analyses, a substantial proportion of donors may have deceased. Hence, we estimated the number of surviving donors by weighting the expected number of donors by the cohort age-and gender-specific probability of surviving π from age x in the year of the initial donation t up to the year 2012 [26] . 
Statistical Analyses
We compared population-weighted SHS point estimates of the number of blood donors with their corresponding 95% confidence intervals to the respective figures from the blood donor registries of the Regional Blood Transfusion Services of the SRC and Swiss Transfusion SRC and the first-time blood donor 
Results
In a first step, we compared RBD-and SHS-derived blood donors -unadjusted (SHS A) and adjusted (SHS B) for blood donations outside Switzerland -in the youngest birth cohorts 1978-1993, i.e., in the birth cohorts for which the RBD recorded all donations since 1996 (table 1). In the birth cohorts 1978-1993, the unadjusted SHS A overall predicted number of subjects who gave blood at least once since 1996 was 412,684, whereas the respective number of donors based on the RBD was 229,600. Adjusting for foreign and naturalized Swiss nationals who immigrated after their 18th birthday, the SHS B overall predicted number of donors was 359,854. The number of RBD donors was substantially lower than the lower boundary of the 95% confidence interval of unadjusted and adjusted SHS donors (SHS A 382,138; SHS B 332,286), and the adjusted predicted overall number of SHS B donors was 1.6 times higher than the respective number of RBD donors. Similarly, the number of RBD female (107,826) and male (121,774) donors was substantially lower than the lower boundary of the 95% confidence interval of female and male SHS donors (SHS A/B female 148,925/128,039; SHS A/B male 220,543/192,862). However, the adjusted predicted number of female SHS donors was 1.4 times higher than the number of female RBD donors, whereas the number of male SHS donors was 1.8 times higher (SHS B).
We obtained similar results when comparing SHS donors since 1985, which comprised all birth cohorts from 1920 to 1993, with estimated donors based on the RBD age-and gender-specific firsttime blood donor tables (table 2). The SHS B adjusted overall predicted number of ever donors was 1,764,258 whereas the estimated number of RBD donors was 857,202. Again, the overall female (398,425) and male (458,777) number of estimated RBD donors was substantially lower than the lower boundary of the 95% confidence interval of the respective SHS donors (SHS A/B female 675,800/584,192; SHS A/B male 1,254,433/1,105,064). The predicted number of SHS B donors was 2.1 (total), 1.5 (women) and 2.5 (men) times higher than the respective number of estimated RBD donors.
Adjusting RBD estimates for the expected number of deaths that occurred before the end of 2012 (table 3), the year of the SHS survey, yielded slightly higher proportions of female and male SHS 
Discussion
All comparisons of the number of donors based on the SHSboth adjusted and unadjusted for blood donations outside Switzerland -and the RBD yielded substantial differences. SHS point estimates of donors are substantially biased. The SHS B overestimates the number of donors by a factor of 1.6 in the youngest birth cohorts 1978-1993, for which the RBD recorded all blood donations. Even if we suppose that all foreign nationals and naturalized Swiss nationals exclusively gave blood in their home countries, the SHS estimates are still substantially biased. Without foreign nationals and naturalized Swiss nationals, the adjusted SHS B predicted number of Swiss donors is 294,109 as compared to 229,600 RBD donors (table 1) . Hence, the SHS overall estimates are still 1.3 times higher than the number of RBD donors. However, the RBD donors still include donors with foreign and Swiss nationality.
Potential Sources of Bias
A first source of bias which may have led to the marked differences in the number of donors between the SHS and the RBD may be related to social desirability and social approval. Studies using semantic differentials show that blood donation is very positively connoted [27] [28] [29] and is considered a socially desirable behavior [23] . Hence, respondents in the SHS may have answered the question regarding their own blood donor behavior in a more socially desirable direction and therefore induced response bias.
For both men and women, the SHS overestimated the number of donors. However, the bias for men was more pronounced than for women, and the results indicate that biases appear to vary by gender. These findings are in line with previous studies that found gender differences in social desirability and social approval bias [18, [30] [31] [32] .
A second source of bias may be self-selection. Studies found that, compared to the general population, blood donors had a better self-rated health, exhibited a healthier lifestyle, and visited general practitioners and specialists less often [33] . Similarly, respondents to the second stage of the SHS were found to have a better self-rated health as compared to non-respondents [34] . Furthermore, SHS participants reported fewer inpatient hospital stays and fewer general practitioner visits than were expected on the basis of register-based health insurance data [35] . Hence, selection bias in the SHS may be induced by the over-representation of healthier subjects, which at the same time were potentially more likely to be blood donors.
The self-selection of heathier subjects in the SHS and the fact that the SHS does not include subjects living in institutions (e.g., nursing homes, hospitals) may also explain the increasing gap between SHS and RBD donors when the older birth cohorts 1920-1977 were considered in the analyses. Since older individuals in the SHS sample are presumably even healthier than younger individuals in comparison to their peers in the general population, the over-reporting of blood donors in older age groups may be even more pronounced.
Thirdly, recall bias may have led to over-reporting in the SHS, especially in older age groups. Participants were asked whether they ever donated blood since 1985. Consequently, older participants had to recall events that dated back up to 27 years. Our results suggest that the accuracy of recall may indeed be biased since the amount of bias increased when older birth cohorts were considered in the analyses. More specifically, the adjusted number of SHS donors was 1.6 times higher than the number of RBD donors in the 1978-1993 and 2.1 times higher in the 1920-1993 birth cohorts.
Finally, selection bias may have further inflated the estimated number of donors in the SHS. Several studies show that higher socio-economic status and higher education are associated with a greater likelihood of ever having given blood [1, 36, 37] . Results for the SHS 2007 indicated that subjects with lower education as well as foreign nationals were less likely to return the additional mail survey after they had completed the telephone interview [34] . It is therefore very likely that especially foreign nationals with lower education had an overall lower response rate since the interviews were conducted in German, French or Italian, which potentially favored well-integrated and well-educated subjects. Consequently, blood donors among foreign nationals may be over-represented.
Implications
The SHS is an important instrument for assessing health status, health service utilization, and health-related behavior in Switzerland. As such, its data has been used in numerous studies, which in turn help to inform and guide public health policies, public health programs, and public health initiatives. With regard to blood donation, our findings suggest that results based on self-reported blood donor status may be substantially flawed, and interpretations should therefore be approached cautiously. Potentially, our findings may be relevant for studies relying on self-reported blood donor status and assessing blood donor and non-donor characteristics and behavior [1] [2] [3] [4] , or voluntary HIV counseling and testing [6] [7] [8] [9] [10] .
Without this list being exhaustive, several strategies are possible in order to mitigate bias in the SHS. Recall bias may be reduced by rephrasing the survey question regarding blood donation, i.e., the questionnaire should first attempt to assess whether the participant has ever donated blood and then assess the year of the last donation. The rationale behind splitting up the original question is that it is easier to recall whether one has donated blood at all than to recall whether one has donated blood since 1985. Furthermore, to survey the year of the last donation yields more information than just assessing any donation since 1985. Self-selection bias may be mitigated by either making participation in the SHS mandatory [38] or by making data on non-respondents available in the SHS dataset. While the former strategy may not be feasible or advisable because the forced completion of the survey by non-compliant and possibly disgruntled participants could potentially result in even more biased data, the latter strategy would allow data analysts to specify sample selection models that aim at detecting and correcting selection bias [39, 40] . Furthermore, several methods have been proposed to cope with social desirability bias, including the use of forced-choice items, randomized response techniques, the bogus pipeline, self-administration of the questionnaire, the use of proxy subjects, and the selection of interviewers [41] . While the above strategies may mitigate bias, it is important to keep in mind that we could only speculate on its sources. Future studies could lead to strong inferences about the nature of the bias once record-linkage between the SHS and RBD is employed. This in turn could inform effective strategy selection in order to correct for bias.
Strengths and Limitations
The main strength of our study is that it verifies the surveybased SHS estimates of blood donors in Switzerland with the number of blood donors derived from high-quality blood donor registries of the Regional Blood Transfusion Services of the SRC and Swiss Transfusion SRC.
However, several limitations should be kept in mind: Firstly, the nature of the reported bias remains unclear because record linkage between the SHS and RBD was not feasible.
Secondly, complete RBD was available for the birth cohorts 1978-1993 only. Hence RBD estimates for all eligible birth cohorts (1920-1993) had to be derived from first-time blood donor tables. However, this approach assumes that current and past birth cohorts experienced similar first-time blood donation patterns which may not necessarily be the case. Therefore, RBD estimates may be biased to some degree.
Thirdly, the blood donor history of foreign nationals and naturalized Swiss nationals remains unclear because the SHS provides no data on whether blood was donated in the country of origin or in Switzerland.
Fourthly, the SHS does not consider blood donors who emigrated. However, these donors remain in the blood donor registries. Consequently, RBD is upward biased to some degree and the difference between the SHS data and RBD could be larger than reported.
Finally, we did not consider Swiss nationals who gave blood in a foreign country but not in Switzerland since 1985. However, their number is presumably low and their potential impact on the results minimal.
Conclusion
Self-reported blood donor status in the SHS is biased. Point estimates of blood donors are substantially higher than respective estimates based on blood donor registries, and the bias is more pronounced for men than for women. While health surveys have their merits, our findings highlight the need for high-quality observational data.
